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ABSTRACT

An interactive amputer  simulation program

gener@orallowstluzusertogenerateeitkrnatu-

tractionwithgrappleskiddersor
cuKentlymodeledinthesystemandothersmay
beadded.  Simulationsareperkmedbymoving
machineimageswithinstandmapsontheawa-
puterscreen. Theresidualstand,machinerun-
ningpaths,and~travel~tyarere-
.cordedforlateranal~  Bxamplesofs
withaxnmonloggingmachks~ill~ted.

I N T R O D U C T I O N

ccsnpaxshnulationhasbeenusedextensively
intlllt?anal*offorest~systemaDue
tothewidevarielyoflo@ngsystemsusedand
thevadatlonammlgthetypesofforeats&mdshar-
l7tdd.#simulationOf&?noffen,tbeoaly~~b
examinecertainloggingsitua~  In-
zhuiathin*~anrodelofa~,
to~howitreadstod;ranges3niEs~~
exummedModelformatlonis~as
thezxwstdiffhltphaseinbuiidingasixnuMi~

Forest Jvamdng  simulations have been ad-
- b y - Y mxar&zsduringtheiastthree
decades. These simulation models were either
tre&+millmodelsorphasemodekTme4o$ll~, . . ’,

modelsfocusedontheentireharvestingpnXess.
ThephaSemodels,ontheotherhan&modekdor

~eval~tedonlyacertainphaseorpartofthehar-
vestingprocess.

The earliest known published study in the
UnibedStateswas~anatknptatsimula@apulp-
woodharve8@systemuslngastrictlydetermk-
istlcapproach~,32].  Amorqextensivesimula-
tionwasthenreportedbyJohnsonduz.[22land~
JdandBiller[231.  Tliisapproachdidallow
forstochasticvariatiorrsasexperlencedbyaxeal
m J=w@@-P=-Q=~~
fbtreaiattemptatdupiicatingaharv&hgsys-
tf?ldSperformaaae,tfaereporbed~tSiadioaded
that additionai  expianations  and v
wefeneedd .

Batedd.[l]cl4zvel~a~simUlatiOn
modelfor~tinglogghlglwldue~
sym  Yarding8 chippin&  sortin&  loam
~andunloadingweremodeledinthe
program.  Becauseitwasafixed-timesimula~,
tiwpmgramdidwhaxnmtforinkactionsb
hveendepe&ntoperationswithinatimeperiod.

Goulet et  u&  [13,14#  151  reviewed a@  mnnma-
rizedthemodelsavailablethrough198O.  FL&#:
mode&veredescriiandtheirpqxHiesa%
med.

A numerical simulation system for modeling
individual machine activities was dev&ped  by
stuart1301.  TheprogramGl3NMA~~the
worlcingareaofthemachineasaswathofaoer-
tainwidtk  ‘I&emachinei%stmovedbcutthe
tKt?l?ilttbveSW&Withthet3Slldl~X-k
The~thenmovedtocutthe~withnext
gmaljRdXe&

W-&r  and Bradley [331  modeled a rubber-
tiredfek+n&rto~itsprociuctivity
andoperatioa~  Itwasadisaeteeventsimulation
pmgranLThemodelam&bedoftwoGPss(Gen-  -//
ersl-Purpose~ulalian~segaezrts:tiaser
Segmentand~~Theformat-
t6doulputwaspK#videdbytwoFo~~
lKnlee&Byuslngthesame~que,w~uer
(341  also modeled a grapple skidder and whole-
treeChi~bevaluatethepXOdUdiVi~deffi-
ciency of a given skidder-&&per  combination.
Thetreestobeslciddedinthemodelwereas-

nic~mcthmsmCformerResanrJlAssifiantdP~p4- sunnedtolX?bmK&&ftby~lierfelling.

sor,ttzpe&dy,intheCatterfwForestB~of~
Dad B. WamefMdu&#ForestResources. .‘* Garbini  ef’al,  [12]  used numexical  simulation L ,.’



82 + ~ournd  of Forest E@weri~rg

with graphical animation to illustrate material
movement and machine activities in continuous
simulation of a log merchandiser. The program
was developed to increase piece production rates
oflogmerchandiserswithsmaUertreesizesbe-
ingharvested;  In’arihherdecisionsimulatorap-
plication,graphicalanirnationandnumerhldata
were used to make log bucking decisions [25].
Thisdescribed  an interactive program that al-
lowedindividuahperatorsto~mpzuetheirown
attempts at log bucking with actual computed
optimalsolutions. Thisapplhtionsavedmillions
ofdollamfotamajorfixestpnxiucts~yby
improvingtheuseoftheirrawmaterialfurnish

Fridley et  al.  18,101  and Fridley and Jorgensen
[9In?portedtheuseofgrapl&al~ve~
lationforstudyingthedesignofswing-to.hzefel-
ler~usedforthiMing..programused
graphicalani.mationasoutputforverificationand
evaluation pv The program was used to
identify the effect of various design pammehs
on.feller-buncher  performance during&inning
fll-

Gmene  and Lanford 116,171  developed an in-
&ra&vesimulationprogramfor  modeling feller-
bunchem  Workingwiththissimulatian,Greene
etd.  E18lexamhed  theeffectsofstandandoper-
sting  hctors  on the productivity of a small feller-
bunch  in second &inning  operations and con-
dudedthataveragetreedhmeterandthenumber
of trees per aocumulation  were the most impor-
tant:~&XSObservedandbllnChSiZe,thespacing

between corridors,  and the average d%anoe  be-
tweentr&s‘werelessimportantbutstillsignifi-
cant  The!yalsofoundthatvarlabilitybetween
simulation operato=  existed but did not appear
to affect the usefulness of interactive simulation. WI.

.
A tree harvesting  simulator (TREED&  was

deveiopedonth~foun&tionoftheAubumHar-
vesting  Analyzer (311  based on Lotus l-2-3
spreaa  to 4+stimate cosis  of & en&e  forest
hi@-vestingsystemr7J.  Thep&QgraD&alongwith
experia; oommonsense,andbasi&nformation
on logging systems, was an addition to the log-
ger’s toolbox that auld be used to improve the
operations.

Re&iier & al.  (281  described and evaluated
tluee,  FC-based  programs for analyzing harvest-
ing systems including Auburn Harvesting
tiyzer (311, Harvesting System  Analyzer GOI,

a&lHarvestingSys&emSiulator  DCJI.  Theyoon-
dudedthatthree microcompute&asedprograms
produced comparable results using reahtic  sys-
tem data and the appropriateness of these mod-
els depended on  the user’s choices.

A thx-dimensional,  color, interactive, real-
time, amputer  graphics  simulation of a feller-
~wasdevelopedbyBlockandFridley[3I.
Thesimulationoperatorviewedon thecomputer
screenwhatwouldbeseenlookingthoughthe
windshieldofafeller-bm&xinoperation.  The
-allowedthe PrQ?===~vargPhysi-
cal  parameaerS  of the Mhbuncher  that would
afhtitsperfonnarnaeintheforesh

4F=ibasedhanresting:SW=-
modehasalsodevelopedto@ir&estump+
trudcproductionratesandmulti~ductyields
forconventionalground-based  timber harvesting
~inAppalad\ianhardwoodstandsI2J.ThiS

programevaluated  a model numerically  over a
timepehdofintere&anddataweregatheredto
estimate the desired true duuxteristics  of the
model. .

Amethodofestimatingtreedamagewasde-1
veloped  in conjunction with an intaadive  ma-.
chinesimu&mprogramthatoarldmodelhar-.
vestingperformance in a variety of silviculhual
operations 141.  The d+nage  estimation worked
wellinanempiricillcomparison,butfurthertest-
ingwithdatafromotherharvestingsystemsand
stands might improve the model%  usefuhs

One loggingsituationwhichhasbeendifEcult
toaccuratelysimulatewithnwnericalsimulation
isthemovementofafellingmadheperhmhg
partialcu&oraskiddhgmachineduringextrac-
tion.  IhnadGnesmustavoidthenxnaihgtxes
inthes&ndwhileeffectivelymovingbetweenthe
treestobecutorthewoodtqbeextracted.  Many
logging  simulators  do not mod&or adequately
modt?lthesemachinemovements.studiesusing.mtemdivesimulationtostudyfellingorskidding.machmeshavef&ndittobeausefulmethodof  .
st;xdying~calharvestinginpartialcuts.

The utility of jnteractive  computer six&Mon
has been demonstrated by these researchers.
However,manyofthesereportsarebasedondata
from  systems and conditions .&at  are different
fmm  those encountered today.. Fur&ermonz,  to-
day’soomputersimulalionenvhnmentandtech-
niqI&scanvastly  improv&  an*  ex@nd  the forest



harvesting simulation approaches  used previ-
ously.

OBJE-S  -

Thispaperxeportsouz  (l)devek#igastaud
generatortoallowauserbaeatestandcondi~
tions  to perform haIve&g simulations tmIm?Ik”
ientlyauda3st4fecti~~adaptiugxepor&d
ttZChId~~fw~pphiOi?liSiUUllatiOllOf
forestharwthgoperationsbhsndleavaxiety
ofpartialcutsaudskiddhgorfoxwaAga@ivi-
tiesinmaturestands;and(3)nlodelingchainsaw
feliingdri- -andcut*.
length~tersperfrrnming~dutiea,au,d
grappleskiddemand fclwdeminscttactionac-
tivitieshitheparlialcutsddered. *.

. ,

MElTlODS
* . -

Computer simulation is a technique for
modelingthebehaviorofbothnaturalandman-
made~Genemllyspeak&,therearehvo

~basictypesofsimulation-physicalandnumeri-
cai[5]1.  Yntera&vesimul.ationisahybridofthe
abovetwotypesofshuulati~whi&ulikesa
highlevelofhumanpar&ipationOneofthemost
importantdecisionsonemustmakinpexknm-
iztgasimulatio~~~is~choi~ofthesimu-
l&ion  langua&s  [24].- In genera&  there are two
types of simulati6n  languages - specified-use
simulationIanguagessu&as!XAMandGFSSor
general-purposelanguages~=FoRTRAN,
BAsIc,c/c++,andviiiiBAsIc  compamdto
thespecified-ttseshnula~~geneml-
purpoeelallgUageSplWi~thefOllOWingadtiarn-
ta~:l)efficientexecutiontime,~greaterp
gramningfleXibiliQ,,and6hSO-ti
However,theycannotpKwidetheI@uralfeady-
madefra$eworkforsimulationmodekg.~

l ,.

tiapproachusedinthissystemreliesonin-
teractivegraphicalsimula~techui~written

withvisualBasicversion60[26Lanevent~
ProgramminghwYJage*  *s@=requkes
(1) any lBM-compati.ble  mad&e  with an 80386
or higher processo r,O)ahaiddislcwithamini-
mum available spa&  of 50 MB, (3) 8 MB of
memo& and (1uWmdows  95  or later. Vii Ba-
sic +s  selected because it allows the pn3gram-
meg’tocreaterobustd~applicationsthat
makefulluseofthegraphicaluserinberfaoeGUD.
In addition, the p@rammer canalsocreatepow-

erful  and full-featwed  applications such  as &ta
access,ObjectLinkingandJGnbedding(OLEI;and
dynamic4ink  library (DLL)  with Viiual  Basic

! ;. _ ‘..  *.  . . _ . _  -
Object*rientedpIDgmmm& tethiwwere

adoptedinthes#em[291.  Theyallnwed:thepnk
gram30  bee  as a a$kctionofdkrete
objectsthatinaxporatedbothdatastrucweand
behavior.

SYSTBM  MODELING AND MODULARITY

SyistauModeling - - . _.-..  )

w f&q- ma*  - (g&&w,  .&&;-*
lnmcher,andhanresaer-andtwomma-r;
cfhhlps-gmppleskidderand foawder~arenow  :
mcuie&dandhnplemenkdinthis~pro-
gram. otherlogging~suchasswing-to-
tree feller4nmdwxs,dam~s~dders,~els,  . .
or other machines onhe  easily model& by
slightlymodify@thesimuiatioa?program.:~
stra&onisonedthe@ortautaspezdsofbuild-
iughanwthgmschineinodelshiti-ancap-
turethecNciaiaspectsoftheprobiem,ndomit
theothers.  The~oftbesefivehar-
vestingmadhesweredefiuedas~  The.
ftlu&msofthe~arela&xdefhu?dasthe~.correspondung~mmandbuttonsinthesimula-
tion system.

Walktotree,acquiriag,felling,
. deUmbingandBopping

Feller-bunk Move 40,  tree, cut, move to
dw,dump;-.  _. .

I3aTmstc MovetoObcx+extend/re-
: breat~swingboopn,p-

inganddumpiug
Gnppieskidde~  Move tohad,  grapple load,

l-=lWBusing
agate,uugrappk  T
Movebload,load,movedur-
ingloading#traveiloaded#and
unload . . -

. . . .  .
~Operatjngvariablessud~~produdionra~~r.

theseeareevahlatedby~feli-
ingorsldddingactivitiesandcompa&gthekfig-
urestocluTentproductionrecordsoidatafrom
timestudi~  Distmcetraveledandthenumber
ofmachinepasseswithintheplotarereawdedto
indicatethepotentialdamagetositeorsoilfrom
equipmenttravel. plotsizeusedforfelling~u-
ration  dependson&e  u&r’s ch&k .E’lot  sizes of
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larger than 400 It?  (O.l-acre~  but less than 4#00
n? Mere)  work best. Stand map data involve
locatingeachtreawithinaplotusingacoordi-
nate system and reo&ing  its species, DBH, total
height, volume, whether or not it k to behar-
vest!ed#  and other information. This map infor-
mation forms the bask for the simulation effort.
The logging site for extraction simulation k an
enlarged area cr&ed by replicating felling plots.

System Mod&&y

Theprogramkwrittenbasedontheprincip1es
ofsoftware-  Anobject4xknteds
turemodelkempIoyedwithathree-levelhierar-
chy@mject,rnod*andplPcsdun?s)withbuilt-
in methods and custom omtrok.  Cormspond-
ingly,  there are three-levsl  deckrations of vari-
ables. The hierarchy of this simulation program
(projec0axuistsof28formdassmodulesanda
standard module. Project k a systematic stnhz-
hueof~moduIesandobjectsinthesystem  Each
formdassmoduIeamtainsoneormorepruoe-
dums.  Eiachpuxxdu&&rdesoneormoremeth=
odsandcustomcon~ About8oeventandgen-
eral  pmcedures  with 1800  methods and aontmk
areindudedintheprogram,someofwhichare
mpresentedastheobje&intheprocessofobjsct-
orientedprogmmm&.

SYSTRMSTRUCTURRANDRFQUIREMENTS

Themodularityorintemalorganizationof  this
simulationpmgzams8xvedasafunctional&olfor
projectmanagement  Tohelpusemperformthe
simulation program conveniently and easily, the
system adopted the event-driven techniques us-
ingGuI.  usually,aneventkexealtedbydick-
inga-=w! amunandbuttonoranitem
byusingthf-== Th!fZmainl?V~pl.OCed~
are Fm,  RUN, ANiux!sIs,  VIEW, OUTPUT,‘
HELP, and EXIT  (Fagm?  1). other forms and/or
prPcedum!samosmamsd~dereach0fthesemain
evenprocedurss.  Gmtrokinthesystemareim-
plementea  using eve&driven technique& An
eventke7ce&edbydickingaaxmspondingcom-
mand  button or an item in simulation windows,
whichkoomposedofaneventplWedurefPii
2). . !
RuNPnmducre

The RUN event procedure k the key part of the
system (lQure  3). It amtains a stand generator, a

felling sinu.&tcq  ad  an extraction (skidding or
forwarding)simulator.  TheseSubsystemsCanbe
performed sap&ally  or independently.

The stmctum  of data produced by the stand
generatorisconsktentwiththeinputneededfor
felIingsimulationRitherrWuralorplantedstands
canbegeneratedbythestandgeneratorforusein
later felling simulation..  Inputs for the stand gen-
erator are species, stand age, stand density, domi-
-height minimumandmaximumDBH,spa-
tiaIpattencandevenor&evenageffornatural
stands). Outputsofthestandgeneratoraredis-
Played~theaompu6ers== andsavedasan
ASClI&tafilethatindudesX~Yaxudinate,DBH,
heiiandvol~ofeach@einaspeci&d
squamplot  Random,uniform,anddusteredspa-.
tialpattemsaremodeledfornaturalstamL  Ran-
domanduniformpatternsareusedforplanta-
tiOll.

It&dinesimulations  are perfomted  using sev-
eralwindowsOU~~U~-Themain
window displays the stand map or tree piles,
u3acGnerunningpaths.andthemachineimage
inaddjticmtothemainevent~msnubar..
Inthkstandmapwindow,eachsolidbluecirde~
repmse&atreeofagivendiameterduringfell--
ing.Whenatmekcut,asolidblackcirdekdmwn
tosignifytheshunpandtbemachinecanmove
forward from this point Later, if the operator
pe&rmsacuttingatthispoin~theprogramwill
indhte  the “tree not found”. During skidding
orioPwardingsimulations,blackcirdesrepresent
thelocstionofpilesoffelledtrees.  Whenapilek
grappled or loaded, a “+”  symbol is drawn to
identify the pile k loaded.

A&chineimagesarerotated36oobytransform-
ingtheaxxdi&es@emofthemachme[27L  The
machin&imagedetectsobstadessuchasremain:
ingtrees.  WhenthemachineaAlideswithatree,
theprogramgivesbothsoundandtextwamings.
Themachinemustthenmoveintheopposi~di-
rectionorshearthenow”damaged~tree.  Simi-
larly, when the mad\k\e’s  holding capacity ex-
oeeds  its maximuln~~so~and~wam-
iIlgS~alsoprovided

For  a Wing  simulation  the user inputs the
stand data file name generated earlier, -machine
running path name (for later storing), felling  ma-
chine type, and plot size for a felling simulation.
plot size k variable, but the default plot size for
felling simulation is a square plot of 0.16&a (0.4
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Figure 2 Event flow diagram of the systi
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acre)  that measures 4Omby4Om(132iixtby132
feeQ.Theinteractivesimulationresultsareshown
onthecomputerscreen WhenendingafeUing
simulationrun,WoA!XlI&saresaved.  One
filecon&insthedualstanddata*the~
contains the coordinates of the machine path
thmughthestand.Datainbothfilescanbeused
inlateranalySesortofolmthebasiiof  extra&on
SiUlUlatiOllS.

The extraction simulation procedure is well
impkmentedtoMfilltheskIddingorfoiward-
ingsimuhl~  wlththisprocedure#  theuseris
lvxpimdloenterthe~machinerunningpath
file,fellingplot~mm&erofrepUcatioWofthe
Mlingpl!ot&5uSe,andskidderor~.  The
skiddingorforwa&gsimulationisbasedonthe
@bOfkllingsimutatioas,WhiChispercwprsd

inakugerarea[dehlt49repkatiomoCthde-
fault felling plot = 7.84 ha. (19.6 aaesx  The  fell-
i”gplotonberelplica8ed~,49,61,81,or1oo~
ix&my&m~Oananpplot  Then
thisyslemwill~lica~the~numbers
ofthefellingplottoaeatealargeraxeaforskid-
dingoriwwatding.  simul-y,treeorlog
piles identl6ed  by location, number of trees or
logs, and volume are displayed on computer
saen  Aswithfe&g,theintera&veskidding
orfoxwa&qsimulationresultsaxealsoshown
OUthecK>mpuQp screenandupdatedastheMI-

tivities occur.  when ending this simulation, two

As2lIfllesareaisosaved  Thosehvofileshave

the~nameasthefeJlingmachinepathbut

diftkntanames.  Theskidderorfw-
warderNlUlhlgpthfilehastheeX&llSiOll”.Skd”,
withadatafitmchm induding X-Y ocBo&lates
ofskiddingmachinepath,machineactions,Wes
orlogsper~andvohlmeperturn.  Thisfile
canbeusedforlateranalysisintheAN~~
pnmf!dure.  Theskidder/lwwardertmvelinten-
sityfilehasane?xtedonof”di”,whosedata

amtainstheindexes,ofafellingplotar~
ray plot&&  number of pass loaded, and travel
intensity category.

Whilepe&n&ngskiddingorforwa&@
simulations, the lravel  intensitycateg0~  within
eachfellinggridisshownonthesaeenwitha
littlesquareihfour~~lors,  Fourtravel
intensity c&ego&s  of skidder or iorwarder  axe
def&dinthesystemasfollows[61::

T’Ij  -Trees on the plot have been felled.:
TI2-Treeswhichstoodontheplothavebeenre-

movedandnoothertcaffichaspa=d~~  .-
theplot.

TI3-Treeswhichstoodontheplothavebeenre-
movedandtrees@sidetheplothavebGenskid-
dedthroughtheplot. Passeswithaloadedma-
chinean?betweenthreeandten8

TI4-Wxethantenloadedmachinepasseshave
been made through the plot.

Twosmakauxiliaywindowsarepxwided  0
todisplaymadlinesumman ‘esandadionann-
mandbutionsthatvalywith-harvesting
m&dine&  Theleftmousebutbmlinvokesthe~
tinnaomaaadsandloadsthema&neimageat
tllebe%innir\gofthesimula~~lightbutbon
isueedbmovethemachineimag~simulatior\s
arepersonasdbymwingthemachiueimagewith
themalseinthestandmapdisplayedonthe@om-
pueg saVeno

Tllt?~On~theOligiMlstandtO

theresidualstandinthe$ormatofstandandstock
table&  sincepaltialcutsalterthe-distri-
tludiqlofthestands,his&gramsofdiameberdisr
t&utionaxepmvidedinauxiliaywindowsaloag
withstand.andstocktabl~  Themachinerun-  .
llillgpa~canbealsoanalyzedsta~yand
ean#>nucally.

Asimulationperfwmedearliercanbeviewed
againwiththesystem.Thestaudmap,ahisto-
grainofDBHdistriions,standandstockta-
bles,elemeMtime,machinesummarybywork
cydes,amachineproductionsummary,asum-
.mayforthe hliweedstandand~si~and
4he~madlinerunningpathfilescanbedisplayed
wlukmenorprintedonpaper.

FILEIjmcedtlre

.FileSUlfiSilllp~aSallinclepenhentplO-
ceduretmderFLE Byusingii,theusercan
browsethe6lesuuderaspecifieddirectoryina
spe&leddriveasinatypicalfilebrowser.  T h i s  .
allowsttae,usertobrowseandfindfileacrea6ed  .
whileperbdng  simulationswithout~ting  the
v-

ANALYSIS Procedune

This is a loutine  statisti&3l  analysis pmc&re
providin@andands$cktablesandhistograms
oftreesperaaebyDl3Hclass.  Adivitiesoffell-



ingandslciddingma&ines~alsoana@zedwith
four summaries provided.  (1) elemental time
summary,aaachirae summarybycyde(3)sum-
uxUyofluUVeskIstandorextmchgsite,and(4
productionsummary.  Atthesametime~theop-
erating~ofthemachiraescanbecalculatedby
usingthemachineratemethodifdesired.  An-
Oth@proaedureiS~~tO~thep
portionoff&llinggridsiueachtravelintensity
category after  skidding or forward@ over the
whole logging area.

vIFwFlvxedun?

Threeplwsd~aIeinlplemeKl&dundervrEw
tOretrieveaadViWthestandmaP,fdling~-
tionqandsldddingopera~Tlu?userinputs
sbndmapdatafileandkllingmachinenmning
patllfile~~felljngsinulla~andskid-
dhgoF~m#fiinerUnningpthfile,
Hingplot&e,numberofreplicationsoffelling

‘plotforviewingskiddingorforwan@&nula-
tion Sincehrc&gorksof&avelloadedinten-
sitydskiddaror hwarderaredefhibasedon
thenumberoftravelloadedpassesonafeUing
plot#the~tof&a~~~by
fourdifh!l&&XsOabeviewedbyinvoldng
anotber~~undervlEw.

sevenpfoa?duresareimplementedlmderoTJT-
PUT. Ei~Asc.udatafileeorsa??enoutputsin
RUNaIUilccNALysIs~uresGUh?lX?pI0-
ducedonthepaperbyiuvokiugtheeventproce-
duresun&rOUTPUT.

HELPPmasdture

Thestru&reand~ofthisaimulation
systemazewelldocume&d lnHBLsproce!dure.
Thesystemisalsodesigaedtoloadthevisual
Basiconliaehelpsaubtmtat6ioanyevenwithoutin-
staUingthf2VhalBasic&wareonauser%om-
p u t e r .

SIMULATION JZXAMFLE

Felling Siklation

Toihstratetheuseofthispxugram,supposea
sou*ern  pine plantation was fht generated by
thesystemusinguserinputs.  Thestandax@ins
975  trees/ha (390 trees/acre). We will simulate
felling ina4lmby4Omsquareplotoontahhg

0.16 ha usiug  a driv&o-tree feller-bundux. -

To begin the felling simulation, the userenters
thestandmapfile,thefeUngmachinerunpath
filename,typeofthemachiue,andplotsiz;e.  Three
windows are then displayed on the computer
tscan  Thelargestwiudowotmtaimacopyof
thestandmap.  Thetwosmallerwindowsdis-
playamachinesummaryandthemachineaction  .
aBmman&-  Attllispoint#theuaermay
marlctheheestobecutorlefk  Treescanonlybe  -
UUUkdbyDBHdasswith~kedtreesrepre-
sentedbyaredcirclearoundtkn

Afekr~imageisloadedinmainsimu-
lalionwindowualngtheleftmousebutboaThe
OperatorNthe appqriateactionbydick-
ingthecommsndbut&ninmachineactionwin-
dow. Themadheismovedbtktreetobecut
oradesiredlocationbypohtingtotheposition
anddidcingwi~the~mouse~lnmain
simulationwiudow.  Afbertlzetreeiscut,asolid
bk&&deisdrawnattheloc&ionofcuttreeaud
tbemachine summaryisupdatedanddisplayed
initswindow. Tkaboveproceduresareqeated
untiltheheadisfu&  Theqeratorthenmoves
themacblneinulgeliothehxnationofthebunchto
bel.Rlwnddropstbe~  Themadlinesum-,
marywindowisthendeared,showinganempty~
headonthe~andthedroppedtreesare
drawntoscaleinthedirediontheyfellonthe
screen(Fii4.  Afterthestaudiscut,onlyre-
sidual&ees,stumps,andbunchesoffelledtrees
remainwi5).  : .’

cnlminmwfellingisalso~cpigure6).
l%n&theuserdrawsalimsegmenttoindicabe
thedesdredfelllngdirectioainthechainsawfell~
inga;ctionwindow.  Ifthe-fieliing
diIedonisla&r~tbeusercanswitchto
this~~the~~buttonNotlce
thttllefil7&ttwotReswe!refelledin~initial
dhdiOlldefinediU~~Whilethelast
tWOW~fC?lldiXkthlZ minvr-iiedirection

.3Q?llbgandprooessing byacut-to-lengthhar-  . ,
vesQrcanalsobesimulated(FiI).Thehar-  .
vesterbooJncanreach~treesfiomeachma-
dhelocation Ad~&drawnaround+hehar-
vesterindicatesthepotential~oftheboom,
Thisdrdemoves astheharvesbermoves.  Trees
onanysideofthemachinewithintheboomreach
canberemovedbasedontheuser%choi~orhar-
vest methods. The processe d trees are then
droppedwheredesiredforlaterforwarding.
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Figure 4. Simulation display of a fekr~buncher  after cutting four trees and building two bunches.



Figure 5. Simulation display of a feller~er  after cutting the entire  plot.
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Figure 6. Simulation display of chainsaw felling after cubing four trees.
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Figure 7. Simulation display of a cut-to-length harvester after cutting four trees.
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When ending a felling simulation  two general
VP-f summariesspmvidedz  (l)standsum-
mariesandC9madhesunuxda  Thestand
summarycomparestheori&nalstandQthere-
sidualstandandaxnputesthetrees,basalarea,
andvolumerem#vedperlmitareainpartial~
Thisispruvkkdintheskndandstodctableior-
matannmonlyusedbyhstersbreportstand
informationandin~Maddnesumma-
liesareprovidediniourparts:  (1)anelemenM
tisummarp,Ch -bpFk@-=-

maryofhaxvestedstand,aud(4)apxuduction
summary :t ..
Skidding@~SimuWoq  ;

.
. Towa’fikiddiag.a6wwat;lidg;&&+

tioxbtbewqd?ntie&‘itae~~pathfile,
feningpkJtc+@e#~ofreplicutionsofthe~-
ibg  plot  n$x&r%f%ees  pxe-pil&  skidder or
fjxqxder,,  the skidding niachhe.nm  path
himi% Threett&dowsaredisplayedonthecom-
PUaersCreensimilarbOtllOSt?usedinfelling.\ ,. -.- c t - .  .

’ TheGmulationofagrappleskidderwith49rep-
licationsoffellingplotQs4ha)isshownillFg-
ure&Eadlgridinthebiggerwindowrepresents
afelEngplot(O.l6lu&  Eachbladccixderepre-

. sgl+bunchoffelledlrees(orp~stemsif
feUingwaspeformedbyaharves&~.  Thetwo
t3WJl~WiUdOWSdiSp~~theSkkidillg~
summaryandactionaxnmandbuttons..- .i‘ .  .

Theuserfirstlocatesthelandingusingthe1eft
xhousebuttox~  Alargerred”+“isdrawnatthe
center6fthe~  TheuIacKneismovedto

‘: thebur&bobegrappledbypoinGngtoitspo6i-
tkmanddiddugtberightmousebut6anTheuser

. . . thknseleckthe appqriateacGonbydidsinga
button in action window. When the machine
reacbesthe maximumholdingcapadty,theuser
willbegivenbothsoundaudtext~  A&
tqrgrapplingthebunch,asmaUerblue”+~is
drawnatthebun&locationtoindicatethatthe
bmuhvasloaded.Asmaliahrsquareisalso
displayediuthisgridtoqxesentth&iuteusityof
travelwitblnthegri~  Theaboveprooeduresare
repeateduntilallbunchesintheskiddhgsiteare
e.xbdedtolandingCFigure9).  mdersare
simulated in a similar manner @ii 10).-

Aftk  a skidding or forwarding simulation, a
machhesummaryandtravelhtensitysummary
&provided. The machinesummaryisprovided
in four parts:  (1) an elemental time summary, (2)

a summary by cyde, (3)  a swmnaxy  of logsing
site, and W a production summary. The travel
intensitysumxnayptidesthepxqorhmofthe
losging  site in each travel inMsity  category.

, , ’ .  .
DISCUSSIONS AND FUTURE WORK

Ins  simulation is a tible  method for
examin&theopeh&naudwarkingpattemsof
nladlbsinfaeststandsmethodcanbeused
olUhtiVeiy~Ve~e!qUipme!nt
withsimple~caqwMlitgwifboutsacrifie
ingexaeshe detaiL  Su&amethodoffierr,poten-
GalforsMyingandimpfoviag theWOlkSZXth-

odsofoperabxsandmachmesinavarietyofhar-
vest- siuoetbeprogramrequires
user decisions as hput,  the results obtained
tlUWgbtheaimulatiaa~~easily~tt?d.
Theuserimmediatelyseestheeffe&sofhisdeci-
sionswbile running the program No pqram-
mhgskiUsurspec%icaqxterknowledgeare
requimd  to use this simulation system. The
grapblcaluserin~(cxIDallawstheuserto  .
easilyaaYessanypartofthesys&?m

!iioine~stillneedtobeimplpvedin&
sgfstem  slopesonforestsitesarenotcmIently
consideredintbepnogram.  Thesystemalsodoes
uotamsiderorsimulatetre&magesduringpar-
tialcuk.  Ma~pnlddvityisestimatedus-
ingproductionmodelshmprwioustimestud-
ies.  Thishnikuseofthesystemtomachhesfor
which  some field data axe  available Validation
ofsimulatedtravelpattemswlthactualfieldstud-
iesisneededandiscurrentlybeingplanned

The interactive simulationsystem is relatively
lab&~~,especiallyh~tingslddding
or- Intera&vesimulationof  felling
on a 0.16-ha (0.4 acre)  plot takes 10  to 35  minutes
dqmdingonstanddensityaxuibarvestmetbod.
simulatingskiddingaatbe7~skidddingarea
took4OWXhhtes~&stand,har-
vest,and~factars.  Numerkalsimulafion
hasrecentlybeenaddedtothesystemtoallow
simulation of skidding and hwardhg without .
thetlme commitment. The interactive m
however,isdesignedtoaUowtheusertoperform
part of a simulation at oxMime  and continue the
workattheothertime. Formanypotenhlusers,
th?hplWWdaCCUmCy~lOw~Ofthe~
maym.orethanoffWttheneedforlabor.
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Figure lO.Fomardhg simulation after extracting all log piles to  landing.
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